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PROCESS FOR PRODUCING A PHASE
DIFFERENCE CONTROL COMPONENT AND
LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 15/092,933, filed Apr. 7, 2016, which 1s a continuation
of U.S. application Ser. No. 12/365,402, now abandoned,
filed Feb. 4, 2009, which 1n turn 1s a division of U.S.
application Ser. No. 11/175,939, now abandoned, filed Jul.
6, 2005, the entireties of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates to a phase difference control
component comprising a liquid crystal material, which has
excellent symmetry with respect to the angle of visibility
and 1s optically compensable, and a process for producing
the same, and a liquid crystal display device comprising said
phase difference control component.

Background Art

Color liguid crystal displays (heremafter often referred to
as “LCDs”) have features such as thin shape, light weight,
low power consumption, and flickerless, and the market of
color liquid crystal displays for PCs including notebook
computers has been rapidly grown. In recent years, regard-
ing displays for PCs, there 1s an increasing demand for
desktop monitors which are larger in size than notebook
computers. Further, LCDs have become utilized in PCs, as
well as in TVs for which CRTs have hitherto been mainly
utilized.

A small angle of visibility 1s a problem inherent 1n LCDs.
This problem 1s caused by light leakage from pixels, which
should originally display black, when LCDs are viewed 1n
an oblique direction. Due to this light leakage, the inversion
of contrast takes place, and proper display becomes 1mpos-
sible. As a result, the angle of visibility 1s lowered.

In order to solve the above problem, LCDs with a high
angle of visibility using a phase difference film have been
proposed. The phase difference film 1s also used 1 combi-
nation with a linear polarization plate for creating various
polarized states. For example, circularly polarized light can
generally be constituted by a combination of a hnearly
polarizing plate with a A/4 (quarter-wave) phase difference
plate.

In these phase diflerence films, transparent polymeric
films such as polycarbonate films subjected to stretching
treatment such as monoaxial stretching have hitherto been
used. In addition to these films, films formed by aligning and
fixing a liquid crystal material having refractive index
anisotropy while imparting given regularity can also be
used. The phase difference film using a liquid crystal mate-
rial can constitute, through alignment control of liquid
crystal molecules, positive and negative A plates, positive
and negative C plates, and a phase diflerence layer with
hybrid alignment in which the aligned state 1s continuously
varied (see, for example, Japanese Patent Laid-Open No.
11-153712 Al).

An aligning film subjected to alignment treatment 1s
necessary for horizontally aligning liquid crystal molecules
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against a base material in a monoaxial direction. In general,
polyimide films subjected to rubbing treatment are generally

used as the aligning film. When liquid crystal molecules are
aligned in a rubbing direction on the aligning film subjected
to rubbing treatment, a pretilt angle (an angle of liquid
crystal molecules to the base material) 1s created so that the
end of the liquid crystal molecules are lifted 1n the rubbing
direction relative to the base material. This pretilt angle
plays an important role in regulating the liqud crystal
molecules so that, upon voltage application, the lLqud
crystal molecules are lifted umdirectionally. Therefore, the
presence of a pretilt angle in the liquid crystal molecules 1s
indispensable, and, at the same time, the pretilt angle should
be controlled.

When a fixed liquid crystal material 1s used as the phase
difference control component, however, the presence of a
pretilt angle 1 liquid crystal molecules causes a change in
the level of phase difference to become asymmetrical with
respect to the vertical direction upon a change 1n angle of
visibility 1n a direction other than the phase advance axis. In
particular, when the angle of visibility 1s varied 1n an optical
axis direction of liquid crystal molecules, the asymmetry of
a change 1n level of the phase difference 1s most significant.

Specifically, mn the formation of an aligning film by the
conventional rubbing method, as shown in FIG. 2, an
aligning film 22 1s coated on a base material 21 (FIG. 2 (a)).
The aligning film 1s rubbed, for example, by a rubbing roller
23 or the like (FIG. 2 (b)). Next, a liquid crystal material 1s
coated on the aligning film subjected to rubbing treatment.
Molecular liquid crystals 24 make a pretilt angle 0 with the
direction of rotation of the rubbing roller 23 for alignment
(FI1G. 2 (¢)).

For this reason, when the level of phase difference 1s
measured by varying the observation angle i a direction
other than the phase advance axis, the level of the phase
difference 1s asymmetrical with respect to 0 (zero) degree
(vertical direction). In particular, when the level of phase
difference 1s measured by varying the observation angle 1n
the direction of the slow phase axis, the asymmetry of the
level of the phase diflerence 1s most significant. For this
reason, a liquid crystal display device to which a phase
difference control component formed of a liquid crystal
material with a pretilt angle 0 has been applied, sullers from
a problem that, except for a change in observation angle 1n
the phase advance axis, display images are diflerent.

Since the pretilt angle also propagates 1n the thickness-
wise direction of the film, when the phase difference layer
comprises a plurality of liquid crystal layers stacked on top
of each other, the alignment at the interface of the liquid
crystal layers 1s adversely aflected.

For oblique compensation of angle of visibility, the nec-
essary phase difference level should be calculated for design
of the phase difference control component. When the level
of the symmetry of the angle of visibility 1s low, a desired
phase difference level can be realized only 1n any one
direction and a phase difference control component, which
can realize a satisfactorily large angle of visibility, cannot be
provided.

In large-size liquid crystal televisions, due to properties of
angle of visibility within a display face attributable to the
large area, the symmetry of the angle of visibility poses a
severe problem.

SUMMARY OF THE

INVENTION

The present mventors have now found that, when the
pretilt angle of liqud crystal molecules constituting a phase
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difference control component 1s substantially 0 (zero)
degree, the asymmetry of the phase difference does not

occur. The present invention has been made based on such
finding.

Accordingly, an object of the present mnvention 1s to
provide a phase difference control component, which has
excellent phase difference symmetry and 1s optically com-
pensable, capable of realizing a liquid crystal display device
having a wide angle of visibility, and a process for producing,
the same.

The phase difference control component according to the
present invention comprises: a base material; and a phase
difference control layer formed of a fixed liquid crystal
material provided on said base material through an aligning
film, characterized in that the angle of liquid crystal mol-
ecules, present at the interface of the aligning film and the
phase difference control layer, to the base material 1s sub-
stantially O (zero) degree.

The process for producing a phase difference control
component according to the present mnvention 1s character-
1zed by comprising at least the steps of:

forming an aligning film on a base matenal; and

providing a liquid crystal material on said aligning film
and applying alignment Controlhng force to the liquad crystal
maternial to form a phase diflerence control layer,

the application of the alignment controlling force to the
liquid crystal material being carried out by a photoalignment
method 1n which collimated deflected light 1s applied to the
alignment film from the vertical direction.

In the present invention, the expression “a pretilt angle of
substantially 0 degree” means that, although, when liquid
crystal molecules are microscopically observed, the liqud
crystal molecules are very slightly tilted against the base
material surface, since there 1s no regularity 1n the direction
of lifting of the tilt, when the liquid crystal molecules are
macroscopically observed, lifting angles are offset and,
consequently, the pretilt angle 1s observed to be 0 degree.

In the phase difference control component according to
the present invention, any pretilt angle does not exist in the
liquid crystal molecules constituting the phase diflerence
member. Therefore, the level of the phase diflerence sym-
metry 1s so high that the angle of visibility of the liquid
crystal display device can be eflectively increased. Further,
a liquid crystal display device, which 1s excellent 1n sym-
metry of the angle of visibility, can be realized.

Further, 1n the process according to the present invention,
in constructing a phase diflerence control component using
a liquid crystal material, a phase difference layer having a
pretilt angle of substantially 0 degree can be formed by using
a photoalignment method and applying ultraviolet light 1n
the vertical direction. Therefore, when the level of plase
difference 1s measured by varying the observation angle 1n
the slow phase axis direction, highly symmetrical phase
difference control can be realized and, thus, a phase difler-
ence control component which can realize higher-accuracy
optical compensation can be provided.

Further, according to the present invention, when the
phase difference control component 1s stacked directly on a
color filter, a higher-performance phase difference control
component {ree from shrinkage with the elapse of time and
peel-ofl which are problems of the conventional film-type
phase difference control component can be provided.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 15 a cross-sectional view illustrating a production
process of a phase difference control component comprising,
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a liquid crystal material by a photoalignment method
according to the present ivention;

FIG. 2 1s a cross-sectional view illustrating the step of
aligning an aligning film by the conventional rubbing
method;

FIG. 3 1s an explanatory view 1llustrating the case where
the level of the phase difference 1s measured by varying the
observation angle in the slow phase axis direction to positive
values and negative values relative to O degree;

FIG. 4 1s a diagram showing the results of measurement
ol retardation values (Re nm) representing the level of
phase diflerence by varying the observation angle (an eleva-
tion angle) of a phase difference control component in the
working example 1n the range of —45 degrees to +45 degrees
in the slow phase axis direction; and

FIG. 5 1s a diagram showing the results of measurement
of retardation values (Re 1n nm) representing the level of
phase diflerence by varying the observation angle (an eleva-
tion angle) of a phase diflerence control component 1n the
range of —45 degrees to +45 degrees 1n the slow phase axis
direction by the conventional rubbing method for compari-
son with the working examples of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Embodiments of the present invention will be described 1n
detail with reference to the accompanying drawings.

The phase difference control component according to the
present invention has a structure comprising a phase differ-
ence control layer provided on a base material through an
aligning film. Individual layers constituting the phase dii-
ference control component according to the present mnven-
tion will be described.

Base Material

As shown 1n FIG. 1 (a), a base material 11 on which an
aligning film 12 i1s provided is either an inorganic base
material, for example, a glass substrate formed of glass or
quartz or silicon, or an organic base material.

Organic base materials include plastic substrates or films
formed of polymethyl methacrylate or other acrylic resins,
polyamides, polyacetals, polybutylene terephthalates, poly-
cthylene terephthalates, polyethylene naphthalates, triace-
tylcelluloses, syndiotactic polystyrenes, polyphenylene sul-
fides, polyether ketones, polyether ether ketones,
fluororesins, polyethernitriles, polycarbonates, modified
polyphenylene ethers, polycyclohexenes, polynorbornenes
resins, polysuliones, polyethersuliones, polysulfones, poly-
allylates, polyamide-imides, polyetherimides or thermoplas-
tic polyimides. However, 1t should be noted that the organic
base material 1s not limited to those described above and
conventional plastic films and the like may also be used.

Further, the above-described glass substrates, plastic sub-
strates and substrates comprising a color filter provided on
a film may also be used as the base matenal.

The thickness of the base matenial 11 i1s not particularly
limited and may vary depending upon applications, and, for
example, base material having a thickness of about 1 nm to
5 um may be used.

A substrate provided with a color filter may also be used
as the base material. For example, a construction may also
be adopted 1n which an aligning film 1s provided on a color
filter and a phase diflerence control layer formed of a liquid
crystal matenal 1s then stacked.

Aligning Film

The aligning film used in the present mvention may be

formed by the following method. A solution of an aligning
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f1lm material dissolved 1n a solvent 1s prepared. This solution
1s coated onto the base material 11 by spin coating, tlexo-
graphic printing or the like to form a coating film. There-
alter, the solvent 1s removed from the coating film to form
an unaligned aligning film. Next, the aligning film 1s sub-
jected to alignment treatment. Alignment methods usable 1n
the present invention for bringing the pretilt angle of liquid
crystal molecules to substantially 0 degree include pho-
toalignment, and rubbing treatment for aligning liquid crys-
tal molecules mn a direction perpendicular to the rubbing
direction.

FI1G. 1 (b) shows the step of subjecting an aligning film to
a photoalignment alignment treatment. Specifically, colli-
mated polarized light (ultraviolet light) 13 1s applied to the
aligning film 12 provided on the base material 11 {for
alignment of the aligning film 12 by photoalignment. In the
present invention, alignment methods using the photoalign-
ment are roughly divided into photoisomerization types and
photoreaction types according to the reaction mechanism.
Photoreaction types are further subdivided into dimerization

types, decomposition types, bonding types and the like.

One example of the photoisomerization type 1s azoben-
zene which causes cis-trans 1somerization. Azobenzene
absorbs ultraviolet light of an electric field vector parallel to
the molecular axis and consequently 1s converted from trans
form to cis form. Liquid crystal molecules are aligned
parallel to azobenzene in trans form and thus are aligned in
a direction perpendicular to the polarization direction of
ultraviolet light. Accordingly, an aligning film having a
pretilt angle of substantially O degree can be prepared.

Photoreaction types include dimerization of polyvinyl
cinnamate, decomposition of polyimide resin, and bonding
of polyimide having a benzophenone skeleton. All of these
methods can form aligning films having a pretilt angle of O
degree.

A rubbing technique for aligning liquid crystal molecules
in a direction vertical to the rubbing direction may be
mentioned as another alignment method for bringing the
pretilt angle of liquid crystal molecules to substantially O
degree.
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For example, conventional aligning films disclosed 1n
Japanese Patent Laid-Open Nos. 2002-062427 A1 and 2002-
268068 Al may be used as the aligning {ilm 1n this method.
Specifically, aligning films, 1n which the pretilt angle of
liguid crystal molecules 1s substantially 0 degree, can be
prepared by using modified polyvinyl alcohols or polyimide
or polyamic acid having a carbazole skeleton on its side
chain.

Phase Difference Control Layer

In the present invention, the phase diflerence control layer
14 provided on the aligning film 12 1s formed of a liquid
crystal material. After the alignment treatment, the liquid
crystal material should be fixed while maintaining the align-
ment. FIG. 1 (¢) shows a phase difference control layer 14
in such a state that liquid crystal molecules 15 have been
aligned to a pretilt angle of substantially O degree. In the
drawing, the liquid crystal molecules 15 are shown 1n a
typically enlarged state.

Subsequently, the liquid crystal matenial 1s fixed while
holding the alignment of the liquid crystal molecules 15. In
this case, from the above viewpoint, preferred liquid crystal
materials include polymeric liquid crystal maternials, which
have a glass transition temperature and, at a temperature
below the glass transition temperature, can realize fixation of
the liquid crystal structure, and photopolymerizable liquid
crystal materials which can be cured by three-dimensional
crosslinking upon exposed to ultraviolet light.

Monomer molecules which are three-dimensionally
crosslinkable upon exposure to ultraviolet light include a
mixture of a liquid crystal monomer and a chiral compound,
as disclosed, for example, 1n Japanese Patent Laid-Open No.
07-258638 Al and Published Japanese Translation of PCT
Publication No. 10-508882 T. For example, compounds
represented by the following formulae (I) to (XI) or a
mixture composed of two or more of them are suitable for
use as the photopolymerizable liquid crystal material. In the
liquid crystal monomer represented by formula (XI), pret-
erably, X 1s 2 to 5 (integer).

(1)

H2C=CHC02(CH2)504<_>7COO —

=(){\_%_<_%

(1)

(I11)

H2C=CHCOZ(CH2)404<\_>7C004©70C04<\_/>— O(CH,),0,CHC=CH,
H2C=CHC02(CH2)304<\ />7coo—<\ >7OCO—<\ />—(jw((jﬂz)g(:b(jﬂc::CH2
H2C=CHC02(CH2)5O—<\ >—c004<\ />—oc04<\ />—O(CH2)502CHC=CH2

H2C=CHCOz(CHz)t;O—@—COO—@—CHZCH(CHE)QHS

(IV)

(V)

(VD)
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-continued

H2C=CHC02(CH2)504<\ />7c00—<\ /> <\ />7CH2CH(CH2)C2H5
H2C=CHCOZ(CH2)5OOCOOOOCH3

(VID)

(VIID)

(1X)
CHa
H2C=CHC02(CH2)304<\ >7COOA<\_/§70CO—<\ />—O(CH2)3OZCHC=CH2
___ ___ (X)
H,C=CHCO,(CH,),0 COO —
4<\—>7 4<\_/> \>—OCO—< >—OCH 0,CHC=—CH
\ \ / (CH,)40,CHC=CH,
(XD)
CHa
HEC=CHCOE(CHz)IOC(:)O4<\_/>—COO4<j§—OCO4<\_/>—OOCO((3}12)_1(:)2(3}1(3=CH2
Compounds having chemical structures represented by
the following formulae (XII) to (XIV) are suitable as chiral
agents.
(X1I) (XIII)
Z =
‘ ‘ﬁ ) ‘ i
N 0—C—Y—0—(CH,)y—O0 ‘c‘: CH, N O0—C—Y—0—(CH,)y —CH;
O
7 7
| v
O_ﬁ Y —O—(CHy)y—O f CH, 0 f Y —O—(CH, )y — CH;
O O O
(XIV)

0
N\
C OOOC —@— OOCO(CH,)y0,CHC =CH,
H,C=CHCO,(CH,)yOCOO COO H (|:|)

In the chiral agents represented by formulae (XII) to 60

(XIII), Y represents any one substituent selected from sub- (0)
stituents represented by the following formulae (1) to (xx1v), Z
and R, represents hydrogen or a methyl group. X 1s prefer- 4
ably 2 to 12 (integer). o5 <O>
In the chiral agent represented by formula (XIV), X 1s

preferably 2 to 5 (integer).
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(1)

(iii)

(1v)

(V)

(Vi)

(vii)

(viii)

(1)

(X)

(x1)

(xii)

(xiii)

(X1v)

(xv)
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-continued
(Xv1)
CH=—=CH Q
(Xvil)
CHs;
CHs
(XVI1i1)
i
/©/C \@ )
(X1X)
I
C

o (xx)
|
O ~ C\@/
(XX1)
O

—(O)—a=at(O)—

(XXI11)
O

OO

(XXI111)
-0--O-

(XX1V)

The phase diflerence control layer 14 may be formed by
providing the above photopolymerizable liquid crystal mate-
rial or polymeric liquid crystal material, optionally dissolv-
ing or diluting the material with a solvent, coating the
material onto a base material by spin coating, die coating,
slit coating or other proper method, and removing the
residual solvent, for example, by heat drying. Thereafter, a
liquid crystal structure i which liquid crystal molecules
have been aligned at a pretilt angle of substantially 0 degree
1s developed in the liquid crystal material.

When a photopolymerizable liqud crystal material 1s
used, as shown i FIG. 1 (d), ultraviolet light 16 1s then
applied to polymerize the photopolymerizable liquid crystal
material, whereby a phase difference control layer 14 formed
of a liqmud crystal material, which holds a liquid crystal
structure with liquid crystal molecules aligned at a pretilt
angle of substantially 0 degree, can be formed.
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In the present mvention, preferably, the phase difference

control layer has positive birefringence properties, and the
optical axis thereof i1s parallel to the plane of the phase
difference control layer.
In the present invention, a two-layer construction may
also be adopted 1n which a second phase diflerence control
layer, which has negative birefringence properties and has
an optical axis perpendicular to the plane of the phase
difference control component 1s stacked on the phase dii-
terence control layer which has positive birefringence prop-
erties and has an optical axis parallel to the plane of the
phase difference control component.

Further, 1n the present invention, another two-layer con-
struction may also be adopted in which a second phase
difference control layer, which has positive bireifringence
properties and has an optical axis perpendicular to the plane
of the phase diflerence control layer 1s stacked on a first
phase difference control layer which has positive birelrin-
gence properties and has an optical axis parallel to the plane
of the phase difference control layer.

The phase diflerence control component according to the
present invention, together with a color filter, may constitute
a laminate structure. For example, when a phase difference
control layer having an optical axis parallel to the plane of
the phase difference control layer 1s stacked on a color filter,
a method may be adopted 1n which a photopolymerizable
liquid crystal composition comprising a photopolymeriza-
tion 1nitiator incorporated 1n a polymerizable liqud crystal
monomer 1s coated onto one side of a color filter to form a
coating which 1s then exposed to ultraviolet light or the like
to form a continuous one layer stacked on the color filter. On
the other hand, when a phase difference control layer having,
an optical axis perpendicular to the plane of the phase
difference control layer is stacked, this layer can be formed
in the same manner as described above, except that a
photopolymernizable liquid crystal composition containing a
polymerizable chiral agent 1s used.

The laminate structure in which the phase difference

control component 1s stacked dlrectly on the color filter can
realize a high-performance phase difference control compo-
nent free from shrinkage with the elapse of time and peeling
which are problems of the conventional film-type phase
difference control component.
In forming the phase difference control component on the
color filter, 1n some cases, the underlying color filters are
different from each other in thickness depending upon color
patterns of red, blue, and green, that 1s, the surface of the
color filters 1s uneven. In this case, preferably, a method 1s
adopted 1n which the color filter 1s flattened by providing a
transparent flattening layer on the color filter and the phase
difference control component 1s then formed on the flatten-
ing layer.

Further, in an embodiment of the present invention, a
color filter 1s stacked on a phase diflerence control compo-
nent.

EXAMPLES

The following Examples further illustrate the present
invention. However, 1t should be noted that the present
invention 1s not limited to these Examples.

1. Preparation of Base Material with Aligning Film

A glass substrate (1737 glass, manufactured by Corning
Inc.) which had been cleaned by a predetermined method
was provided as a base material, and AL 1254 (manufactured
by JSR Corporation) was provided as an aligming film
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matenial. The aligming film material was coated by flexog-
raphic printing onto the glass substrate to form a 600
angstrom-thick aligning film.

Next, polarized ultraviolet light was applied to the align-
ing film at 5 J/cm” in a direction vertical to the base material
to form an aligning film by a photoalignment method to
which monoaxial anisotropy had been imparted.

For comparison, a base material provided with an aligning
film subjected to the conventional rubbing treatment was
prepared.

2. Preparation of Ink for Phase Difference Control Layer

Ultraviolet-curable acrylate group-containing RMM 34
(manufactured by Merck & Co., Inc.) was used as a liquad
crystal maternial for phase diflerence control layer formation.
20 parts by weight of RMM 34 was dissolved 1n propylene
glycol monomethyl ether acetate as a solvent to prepare a
composition for phase difference control layer formation.
3. Formation of Phase Difference Control Layer

Next, the composition for phase difference control layer
formation prepared above was spin coated onto the base
material with the aligning film formed thereon by the
photoalignment method. For comparison, the same compo-
sition was coated on the base material with the aligning film
formed thereon by the rubbing method.

Both the substrates with the composition coated thereon
were heated on a hot plate at 100° C. for 5 min to remove
the residual solvent and thus to develop a liquid crystal
structure. Next, ultraviolet light was applied (500 mJ/cm?,
365 nm) to fix the liquid crystal structure and thus to form
a phase difference control layer.

Thus, phase difference control components comprising a
phase difference control layer provided on a base material
through an aligning film were prepared.
4. Measurement of Level of Phase Di
Difference Control Component
Next, for the phase difference control components, retar-
dation values (Re; nm) representing the level of phase
difference were measured by varying the observation angle
(an elevation angle) 1in the range of —45 degrees to +45
degrees 1n the slow phase axis direction. RETS-3100 VA,
manufactured by Otsuka Electronics Co., Ltd. was used for
the measurement. The results of measurement are shown in
FIGS. 4 and 5.

FIG. 4 shows the results of measurement for the phase
difference control component according to the present
invention prepared by forming an aligning film by pho-
toalignment and providing a phase difference control layer
formed of a liquid crystal material on the aligning film. FIG.
5 shows the results of measurement for the comparative
phase difference control component prepared by forming an
aligning film by the conventional rubbing method and
providing a phase difference control layer formed of a liquid
crystal material on the aligning film.

In the case of the photoalignment method shown in FIG.
4, phase difference properties are symmetrical with respect
to the angle of visibility. On the other hand, as can be seen
from FIG. 3, 1n the case of the aligning film formed by the
rubbing method, phase difference properties are asymmetri-
cal. These results show that, 1n the phase diflerence control
component according to the present invention prepared by
the photoalignment method, bringing the pretilt angle of
liguid crystal molecules constituting the phase difference
layer to substantially O degree can realize a high level of
symmetry of the phase diflerence and an eflective increase
in angle of visibility.

Further, a liquid crystal display device prepared using the
phase difference control component by the photoalignment
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method according to the present invention shown in FIG. 4
exhibited display which was excellent 1n symmetry of the
angle of visibility.
The 1nvention claimed 1s:
1. A phase difference control component comprising:
a base material; and
a phase difference control layer formed of a fixed liquid
crystal maternal provided on said base material through
a photo-aligned aligning film,
wherein the photo-aligned aligning film develops a liquid
crystal structure i which liquid crystal molecules,
present at the interface of the photo-aligned aligning
film and the phase difference control layer, are aligned
at a pretilt angle of substantially 0 degree, and
wherein the photo-aligned aligning film 1s photodimeriza-
tion type formed of polyvinyl cinnamate.
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2. The phase difference control component according to
claam 1, wherein said phase difference control layer has
positive birefringence properties and the optical axis thereof
1s parallel to the plane of the phase difference control layer.

3. The phase difference control component according to
claim 1, wherein the retardation value of said phase difler-
ence control component representing the level of phase
difference, measured by varying the observation angle 1n the
range of —45 degrees to +45 degrees 1n the slow phase axis
direction, 1s symmetrical with respect to the observation
angle.

4. The phase difference control component according to
claam 1, wherein the liquid crystal material comprises a
three-dimensionally crosslinkable compound upon exposure

to ultraviolet light selected from the group consisting of
tformulae (1) to (XI):

(D

H2C=CHC02(CH2)504< >—coo S—
\ / _Q—O—coo« >—O(CH2)SOZCHC=CH2

H2C=CHC02(CH2)404<\_>7C004©7CN

(1)

(I11)

H2C=CHC02(CH2)404<\ >—c004<\ />—0c04<\ />—O(CH2)402CHC=CH2

H2C=CHCOE(CH2)304<\_>7C004©7OC04<\_/>—O(CH2)302CHC=CH2
H2C=CHC02(CH2)504<\ />7c004<\ />7oco—<\ />—(jw((jﬂz)s(:>2(jﬂ(j=CH2

H2c=CHcoz(CHz)ﬁo—Q—COO—@—CHZCH(CHz)CzHS

(IV)

(V)

(VD)

(VID)

H2c=CHc02(CH2)504<\_/>—c004<\:/> <\:/>—CH2CH(CH2)CEH5

H2C=CHC02(CH2)5OO COOOOCH3

(VIID)

(IX)

S o S o S o SRR
S o W _
R O o N

(X)
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-continued

_ e _
H,C=CHCO,>(CH,),0COO —<\ />7 COO 4<\ />7 OCO —<\ />7 OOCO(CH,),0O,CHC=—=CH>

5. The phase difference control component according to
claiam 4, wheremn said phase difference control layer has
positive birefringence properties and the optical axis thereof
1s parallel to the plane of the phase difference control layer,
and the liquid crystal material comprises one or more of the
three-dimensionally crosslinkable compounds represented
by formulae (I) to (XI).

6. The phase diflerence control component according to
claam 4, wherein said phase difference control layer has
positive birefringence properties and the optical axis thereof
1s parallel to the plane of the phase difference control layer,

the liquid crystal material comprises one or more of the

three-dimensionally crosslinkable compounds repre-
sented by formulae (I) to (XI), and

the retardation value of said phase difference control

component representing the level of phase diflerence,
measured by varying the observation angle 1n the range
of —45 degrees to +45 degrees 1n the slow phase axis
direction, 1s symmetrical with respect to the observa-
tion angle.

7. The phase difference control component according to
claim 1, wherein the base material comprises triacetylcel-
luloses or glass.

8. The phase difference control component according to
claim 1, wherein the base material comprises triacetylcel-
luloses or glass,

said phase difference control layer has positive birefrin-

gence properties and the optical axis thereof 1s parallel
to the plane of the phase difference control layer.

9. The phase difference control component according to
claiam 4, wherein said phase difference control layer has
positive birefringence properties and the optical axis thereof
1s parallel to the plane of the phase diflerence control layer,

the retardation value of said phase difference control

component representing the level of phase difference,
measured by varying the observation angle 1n the range
of —45 degrees to +45 degrees 1n the slow phase axis
direction, 1s symmetrical with respect to the observa-
tion angle, and

the liquid crystal material comprises one or more of the

three-dimensionally crosslinkable compounds repre-
sented by formulae (I) to (XI).

10. The phase difference control component according to
claim 4, wherein the liquid crystal material comprises one or
more of the three-dimensionally crosslinkable compounds
represented by formulae (I) to (XI), and

the base material comprises triacetylcelluloses or glass.

11. The phase difference control component according to
claim 4, wherein the phase difference control layer has
positive birefringence properties and the optical axis thereof
1s parallel to the plane of the phase difference control layer,

the liquid crystal material comprises one or more of the

three-dimensionally crosslinkable compounds repre-
sented by formulae (I) to (XI), and

the base material comprises triacetylcelluloses or glass.

12. The phase difference control component according to
claam 1, wherein the phase difference control layer has a
liquad crystal structure in which liqud crystal molecules, 1n
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(X1)

a thickness direction of the phase diflerence control layer,
have been aligned at a tilt angle of substantially O degree.

13. A process for producing a phase difference control
component, comprising a base material and a phase difler-
ence control layer formed of a fixed liquid crystal material
provided on the base material through an aligning film, the
process comprising the steps of:

forming an unaligned aligning film on a base matenial;

applying polarized light to the unaligned aligning film

from the vertical direction to the base material to form
a photo-aligned aligning film by a photoalignment
method;

providing a liquid crystal material on the photo-aligned

aligning film to form a coating film;

aligning the liquid crystal material in such a way that an

angle of molecules of the liquid crystal material, pres-
ent at an interface between the aligning film and the
coating {ilm, to the base material 1s substantially O
(zero) degrees; and

curing the liquid crystal material to form the phase

difference control layer,

wherein the photo-aligned aligning film 1s photodimeriza-

tion type formed of polyvinyl cinnamate and the base
material comprises triacetylcelluloses or glass.
14. A display device comprising a phase difference control
component, said phase difference control component com-
prising:
a base material; and
a phase difference control layer formed of a fixed liquid
crystal material provided on said base material through
a photo-aligned aligning film,

wherein the photo-aligned aligning film develops a liquid
crystal structure i which liquid crystal molecules,
present at the interface of the photo-aligned aligning
film and the phase diflerence control layer, are aligned
at a pretilt angle of substantially 0 degree, and

wherein the photo-aligned aligning film 1s photodimeriza-
tion type formed of polyvinyl cinnamate.
15. The display device according to claim 14, wherein a
visual light 1s obtainable in symmetry with respect to the
observation angle.
16. A display device comprising a phase difference control
component and a color filter, said phase difference control
component comprising;:
a base material; and
a phase diflerence control layer formed of a fixed liquid
crystal matenial provided on said base material through
a photo-aligned aligning film,

wherein the photo-aligned aligning film develops a liquid
crystal structure i which liquid crystal molecules,
present at the interface of the photo-aligned aligning
film and the phase diflerence control layer, are aligned
at a pretilt angle of substantially 0 degree,

wherein said phase difference control component 1is

stacked directly on the color filter in such a way that the
color filter 1s disposed against the base material of said
phase difference control component, and
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wherein the photo-aligned aligning film 1s photodimeriza-
tion type formed of polyvinyl cinnamate.

17. The display device according to claim 14, wherein the
base material comprises triacetylcelluloses or glass.

18. The display device according to claim 15, wherein the 5
base material comprises triacetylcelluloses or glass.

19. The display device according to claim 16, wherein the
base material comprises triacetylcelluloses or glass.
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